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Final Technical Report

Grant No.: AFOSR - 84 - 0205 AFOSR-TR. 89 -1 6R4

Title:

Imperfect repair for multi-unit systems and description of life lengths by

conditional failure rates

Expired: 31 May 1988

The proposal for Grant AFOSR - 84 - 0205 consisted of the following parts:

(1)
12)
1)

(1)

(3)

Study of the causes for dependency of random lifetimes,
Study of imperfect repair of multi-unit systems, and

Study of various other replacement and maintenance policies for multi-unit systems.
We have achiieved most of the objectives of the proposal as is described below.

The failure rate of a component of a multi-unit systems depends on various factors. \We
have looked specifically on the influence of the working environment and of the current wear of
the components on the failure rate of each component. The results of our studies are described in
(1]. In particular, we have found conditions on the fashion of dependence which imply that the
lifetimes of one system are larger than the lifetimes of another system. Also, positive dependence

properties, of lifetimes of different compoents of a system, were established in [1].

Often when a component of a system failed it is not scrapped, but instead it undergoes a repair.
The repair may be successful and then it brings the item to its state just before failure. The
repair may be unsuccessful and then the item is scrapped and replaced. When this is the
situation then we say that the component is imperfectly repaired. Under the covered grant we
studied various properties of systems with several units, each of which undergoes an imperfect
repair upon failure. Upon failure, the probability of a successful repair may depend on several
factors. We have considered the situation in which this probability depends on the working
environment and on the wear of the components of the system. . We have established various
properties of such systems. For example, in (2] we have found the’relationship between imperfect
repair and the multivariate IFRA (increasing failure rate average) property of the joint lifetimes

of the components of the system. J v\ &=
Consider a collection of components which function at a random environment. The failure rate of

i component at time t, say, may depend then on the state of the environment at that time and

on its age. Suppose that a failed item is replaced by a new one upon failure. Various
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replacement and maintenance policies can be used in such a situation in order to assure high
reliability of the components. For example, block replacement of all the components may be
performed at scheduled intervals. Minimal repair of failed components may be sometimes
preferable to a replacement. Combinations of various maintenance and replacement policies have
been studied in [3]. We have mathematically compared various such policies and in many cases

we have shown that some policies are overall better than others.

Some work that has not been described in the proposal, has been done under this grant. In [4] we
characterized some mathematical stochastic orderings of multivariate distributions by means of
intuitive notions from reliability theory. In [5] we described a dynamic construction for simulation of

random vectors using some intuitive notions from reliability theory. And in [6] we have obtained some
stochastic convexity and concavity properties of stochastic processes which have applications in

reliability theory as well as in queucing theory.
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